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delivering warm water to said supply valves, and treatment means for depathogenizing the supplied water. Preferably, the treatment means 
treats the supplied water by heating the water to a temperature sufficient and for a time sufficient to pasteurize any undesired pathogenic 
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means for heating the water received from the inlet means to a temperature at which pathogenic organisms will be destroyed, holding means 
for delaying passage of the heated water for a time sufficient to ensure eradication of substantially all the pathogenic organisms. Preferably, 
heat transfer means for dissipating heat from the heated water is included whereby warm water is supplied from the treatment apparatus and 
the heat dissipation means is associated with the inlet means whereby the dissipated heat is dissipated to the incoming water for preheating 
the water received from the water supply. 
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"WATER TREATMENT APPARATUS " 

This invention relates to water supply apparatus. 
This invention has particular but not exclusive 
application to water supply apparatus for delivering warm 
5 water at a temperature elevated above ambient but below 

that which may scald or injure a user, and for illustrative 
purposes reference will be made to such application. 
However it is to be understood that this invention could be 
used in other applications such as for raising the 
10 temperature of fluid streams other than water as well as in 
systems where water is elevated to a temperature above that 
of the incoming supply. 

In applications where warm water is required, a mixing 
tap is frequently supplied so as to lessen the risk of a 
15 user scalding with the high temperature water. In such 

systems, the preferred water temperature is in the order of 
42 °C, and this is achieved by mixing the hot water directly 
from the hot water system with cold water directly from the 
main or other supply. However, were users may be 
20 incapacitated they may accidentally scald themselves by 
setting the temperature on the mixing tap at too high a 
level. Additionally, where water at an elevated 
temperature is transported through pipes or conduits around 
the building, substantial heat and energy losses are 
25 incurred as the heat dissipates from the hot water supply 
line. Moreover, such water supplies may be contaminated 
with pathogenic organisms and/or agents. 

Complements of thermostatic mixing valves used in 
hospitals are expensive to install and service and their 
30 suitability of use is compounded by the problems associated 
with Legionella, microbiological analysis, scalding, 
injury, trade qualifications, etc. Thermostatic mixing 
valve devices that provide a simple mechanical means to 
reduce the likelihood of patient scalding, are not only 
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expensive to install and maintain, but also some recent 
legislation has rendered them as an inappropriate fitment 
in health care establishments due to disinfection 
difficulties. 

5 Furthermore, the cost to replace such thermostatic mixing 
valves even in relatively small hospitals involves a large 
capital cost plus ongoing maintenance costs. 

The present invention aims to alleviate one or more of 
the above disadvantages and to provide water supply 
10 apparatus which will be reliable and efficient in use. 

With the foregoing in view, this invention in one aspect 
resides broadly in water supply apparatus including:- 
a water supply; 

a plurality of water supply valves fed from the water 
15 supply; 

water heating means for delivering warm water to said 
supply valves, and 

treatment means for depathogenizing the supplied water. 

The treatment may be by filtration, irradiation or 
20 chemical dosing. Preferably however the treatment means 
treats the supplied water by heating the water to a 
temperature sufficient and for a time sufficient to kill 
the undesired pathogenic organisms in the water supplied, 
and hereinafter generally referred to as pasteurizing. It 
25 being understood that such term as used herein includes 
within its ambit sanitizing, sterilizing, disinfecting, 
depathogenising and such like. 

In another aspect this invention resides broadly in 
water treatment apparatus including :- 
30 inlet means for receiving water from a water supply; 

outlet means from which treated water may be delivered; 

heating means for heating the water received from the 
inlet means to a temperature at which pathogenic organisms 
will be destroyed; 
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holding means for delaying passage of the heated water 
for a time sufficient to ensure eradication of 
substantially all the pathogenic organisms. Preferably the 
water treatment means includes heat transfer means for 
5 dissipating heat from the heated water whereby warm water 
is supplied from the treatment apparatus. Suitably the 
heat dissipation means is associated with the inlet means 
whereby the dissipated heat is dissipated to the incoming 
water for preheating the water received from the water 
10 supply. 

In a further preferred form, the treatment apparatus 
includes recirculation means for recirculating the warm 
water which has had heat dissipated therefrom by the heat 
recovery means. 

15 The holding means is preferably constituted by a holding 
tank and the volume of the holding tank is such that the 
time sufficient to pasteurize is at least the quotient of 
the volume and the maximum incoming flowrate. Suitably, 
the holding tank is of a volume which permits the heated 
20 water to have a residence time of sufficient duration to 

pasteurize the water when the water is supplied at its full 
flow rate so that substantially all water supplied through 
the apparatus is subject to a minimum of 85*C for a minimum 
of two minutes at full flow capacity. Pasteurized water is 
25 cooled by the heat transfer, means to an adjustable level 
nominally set at 42 °C and circulated in a closed, 
pasteurized environment. 

In a preferred embodiment, the water is heated by a gas 
fired heater adapted to be substantially unattended and 
30 designed to provide a continuous supply of pasteurized, 
controlled temperature warm water for ablution purposes. 
Preferably, the gas fired heater is adapted for burning 
liquid petroleum gas, town gas, natural gas and such like, 
although other forms of energy may be used such as 
35 electricity, coal, solar power and such like 
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In a further preferred embodiment, the apparatus 
includes bypass means for bypassing the heat recovery means 
whereby the water treatment apparatus downstream from the 
heat recovery apparatus may be pasteurized by feeding warm 
5 water directly from the heating means through the warm 
water delivery system. 

Suitably, the system pasteurization is provided by 
subjecting the circuit to a recirculating stream of heated 
water at a minimum of 85°C for a minimum time of three 
10 minutes at every point in the reticulation circuit. System 
pasteurization typically would take place upon 
installation, commissioning and subsequently as often as 
required by monitoring and measurement of microorganism 
buildup in the system reticulation. 
15 In another aspect, this invention resides broadly in a 
method of providing pasteurized warm water, the method 
including : - 

providing continuous water heating means; 
heating the water to a temperature which will pasteurize 
20 the water; 

maintaining the water temperature for a time sufficient 
to pasteurize the water; 

cooling the pasteurized water, and 

delivering the cooled pasteurized water. 
25 Preferably the method includes delivering the cooled water 
at a temperature elevated above ambient but below that 
which may scald, injure or cause discomfort to a user. It 
is also preferred that the method includes the cooling of 
the pasteurized water be used to pre-heat the water 
30 received from the water supply. 

Typically, the organisms targeted for pasteurization are 
those specified in the Code of Practice for the Control of 
Legionnaires' Disease, NSW Health Department, Publication 
No. SWRO 91-08 and suitably, sample collection, test 
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procedures and test specifications are preferably followed 
as set out therein. 

Suitably, the system includes fail-safe controls, 
computerised monitoring and alarm systems and is preferably 
5 energy-ef f icient . 

In order that this invention may be more readily 
understood and put into practical effect, reference will 
now be made to the accompanying drawings which illustrate a 
preferred embodiment of the invention and where: 
10 FIGS. 1 and 2 are schematic representations of a warm 

water apparatus. 

Referring to FIG. 1, a warm water apparatus 10 includes 
a supply valve 19 for receiving water from a water supply 
21 such as a municipal mains water supply. The volume of 
15 water coming through the water supply 21 is metered by a 
water meter 22. The water then passes through a supply 
line 23 from the water meter 22 to a three-way valve 3. 
The three-way valve 3 may be actuated to direct the 
incoming water to either a preheat line 24 or a by-pass 
20 line 25 through a by-pass check valve 5. 

The pre-heat line 24 passes through a second heat 
exchanger 18 and then joins the by-pass line 25 and passes 
through a gas fired water heater 26 and then through a hot 
water line 27 to a holding tank 16. The hot water from the 
25 holding tank 16 then passes through a delivery line 28 

through a check valve 7, a first heat exchanger 17, a ball 
valve 12, and a check valve 13a. The hot water then passes 
through the second heat exchanger 18 whereupon it is 
substantially cooled to an operating temperature as desired 
30 for example 42 °C. 

The warm water exiting the second heat exchanger 18 then 
passes through a warm water loop line 29 and through a pump 
30. The warm water loop line 29 is also provided with 
drain valves 2 and 14. The warm water recirculating 
35 through the warm water loop line 29 recirculates through a 
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check valve 13b and through the second heat exchanger 18 in 
a continuous loop. Warm water may be drawn from the warm 
water loop line 29 through warm water outlets 34. 

Hot water from the holding tank 16 may also be used to 
5 pasteurize the system by opening a ball valve 6 on a 

pasteurizing line 31 to permit hot water to pass through 
the pump 30. For the recirculation of the hot water, a 
ball valve 11 is opened on a pasteurizing take-off line 32 
so that hot water passes through the ball valve 11, a check 

10 valve 20 f a ball valve 9, a bleed pump 33, a check vale 8, 
a ball valve 15, the first heat exchanger 17, the ball 
valve 12, and the check valve 13a, to join with the hot 
water being recirculated through the warm water loop line 
29 through the second heat exchanger 18 and the check valve 

15 13b. 

Thus, it will be seen from the above that hot water will 
be recirculated by this arrangement through the 
pasteurizing line 31 and the warm water loop line 29 
together with all associated lines and equipment downstream 

20 from the first heat exchanger 17. It will also be seen 

that all equipment upstream of the first heat exchanger 17 
and downstream from the water heater 26 would be at the 
temperature of the pasteurizing water provided from the 
holding tank 16 during the pasteurizing operation. Other 

25 valves and drain lines such as a drain valve 4 and ball 
valves 6a and 6b are provided as appropriate for the 
operation of the system for the warm water apparatus 10. 

In use, the apparatus includes such fail-safe devices as 
for example full flow, continuous, over- temperature 

30 monitoring of warm water outlet with automatic shut-off and 
alarm of warm water supply; continuous flame-failure 
monitoring with automatic gas shut-off and alarm; 
continuous over-temperature monitoring of high temperature 
circuit with cut-out; provision for redundant monitors and 

35 alternate heat supply and such like. 
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In a typical example, the capacity of the holding tank 
which would provide a 20° C rise above supply water 
temperature would be 600 L/hr; 1600 L/hr; 3600 L/hr or 5000 
L/hr or a multiplicity and/or combination of these for 
5 capacities larger than the standard range. Since the 

jacket water is open to atmospheric pressure it is believed 
that the apparatus would not require boiler certification 
or specially trained staff. 

Cleaning may be provided by standard CIP design 
10 including providing the holding tank with convex ends and 
no exposed ridges is designed to facilitate cleaning and 
flushing under operational conditions. High capacity 
circulating pumps ensure continuous scouring of 
reticulation system thus preventing buildup of sediment. 
15 In use, cold (raw supply) water enters at the bottom 
through a fine in-line filter to remove coarse impurities 
direct to the motorised 3-way valve 3. This 3-way valve is 
controlled by a programmable logic controller or the like 
taking its control parameters from a fast reacting 
temperature monitor in the warm water output of the heat 
exchanger. This warm water is pumped around the building 
through a recirculating reticulation loop ready for draw- 
off use at outlets; unused warm water in the loop is 
returned to the inlet side of the heat exchanger. 
25 The 3-way valve 3 may be set to shunt supply water 
either through the heat absorption side of the heat 
exchanger (to the input of the warm water apparatus of this 
invention if the warm water output is too hot, or directly 
to the warm water apparatus and not through the heat 
30 exchanger if the warm water output is too cold. This raw 
water supply shunting is continuously variable. 

The water entering the warm water apparatus of this 
invention is rapidly raised in temperature to a minimum of 
85°C but not above 99 °C and is then transferred to the top 
35 of the pasteurization holding tank 16, designed such that 
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it permits a slow migration of the hot water therethrough 
whereby a minimum of two minutes residence time is provided 
before the high temperature water exits near the bottom of 
the tank. Such residence time is believed to be sufficient 
5 for all targeted microorganisms to be destroyed and the 

water is supplied direct to the warm water loop through the 
first heat exchanger 17 prior to entering the inlet of the 
second heat exchanger 18. 

Reverse flow is prevented in the warm water loop thus 
10 forcing the high temperature water to flow through the 

second heat exchanger. The holding tank has a settlement 
space and bottom drain- flush capability to ensure 
accumulated dead organisms and other contaminants can be 
regularly discharged by a blow-down procedure or such like. 
15 As the pasteurized warm water is consumed from the loop 
at showers and other outlet faucets it is replaced by 
pasteurized high temperature hot water from the holding 
tank, mixing with the returning previously pasteurized 
water from the warm water loop and raising its temperature 
20 in direct proportion to the rate of use. This increase in 
water temperature is cooled by the second heat exchanger to 
the required 42 °C and pumped out to the loop. 

The warm water output of the second heat exchanger has 
minor temperature variations of approximately +4, -2°C 
25 immediately at the output under variations in draw. These 
temperature variations are dampened out by thermal capacity 
in the warm water reticulation loop to within approximately 
1°C of the set temperature for the warm water. 

The continuously variable output gas burner heating the 
30 warm water apparatus is preferably controlled by a PID 
controller to ensure burner control matches output 
requirements. The PID controller may be computerized 
and/or computer supervised. The burner is fitted with 
purge control facilities, flame-failure monitoring/shut - 
35 down and gas shut down facilities. 
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A fail-safe motorised shut-off valve 1 is provided in 
the warm water outlet of the heat exchanger and is set to 
shut-off the warm water supply to the loop if the warm 
water temperature exceeds 46 °C. 
5 The bleed pump circuit shown provides automatic 

temperature maintenance of the warm water loop. During 
long periods of nil consumption at outlets, incoming "hot" 
water to the loop ceases; thus the warm water in the loop 
can gradually cool down due to thermal conduction and 
10 radiation losses. A monitoring system activates the 

solenoid valve and the bleed pump 33 if the temperature of 
the warm water loop is lower than 40°C, quickly returning 
the loop temperature to 42° C. 

The valving arrangement of ball valves 6 & 12 with 
15 safety interlocks provide initial commissioning 

pasteurization and subsequent pasteurization procedures . 
During the pasteurization procedure hot water at a 
temperature of 85 °C minimum is taken directly from the 
holding tank 16 to the warm water loop and circulated 
20 continuously through every part of the loop at this high 
temperature whilst each outlet has high temperature water 
drained through it for a minimum of three minutes. The 
temperature at each outlet is monitored during 
pasteurization to ensure the temperature does not drop 
25 below 85 °C. 

During the pasteurization process the second heat 
exchanger is prevented from receiving cold water to the 
heat absorption side. Additionally, the warm water flow 
second heat exchanger passages are part of the pasteurized 
30 system. 

After pasteurization, the pasteurization bypass valve 6 
is closed, the outlet valve of the first heat exchanger is 
opened and the system loop is drained of hot water. The 
system is then returned to an operational, pasteurized warm 
35 water system. During draining, all replacement warm water 
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is fully pasteurized as it passes through the holding tank. 
Thus, the hot water used to pasteurize the apparatus is 
chased out by warm water when the apparatus is being 
returned to its operational mode. 
5 Not shown in FIG. 1 are optional back-up facilities and 
temperature monitoring and control devices available such 
as may be provided for example by a computer based building 
management system or the like that may be used to provide 
intelligent alarm, control, consumption, demand rates and 

10 remote monitoring. Such facilities are not an absolute 

necessity in the system as the warm water apparatus and all 
control, monitoring and safety circuits are in the 
preferred embodiment included so that the system is a 
stand-alone unit, however, it is believed that the addition 

15 of building management systems facilities provides a method 
of management, control, alarm, and associated monitoring 
strategies plus additional backup safety features. 

In a preferred form, the warm water apparatus is capable 
of supplying fully pasteurized water at a temperature of 

20 42 °C over range of from zero litres/hour to in excess of 
5000 litres/hour. 

The problems that prevented the success of early efforts 
appeared to be capable of being "designed-out" and were 
considered to be targets well within current engineering 

25 knowledge, capability and practice. 

Whilst not relying on theory or limiting the scope of 
this invention thereto, it is believed that a warm water 
apparatus of this invention satisfies such design criteria 
as being capable of pasteurization of water to a total 

30 plate count of less than 100 CFU/mL; capable of 

pasteurization of water for species Legionella pneumophila 
serogroup 1-14 to a level of less than 10 CFU/mL; capable 
of pasteurization of Legionella pneumophila (total) to a 
level of less than 10 CFU/mL; capable of pasteurization of 

35 water for faecal coliforms to a level of less than 1 
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CFU/100 mL; supply a constant adjustable source of 
continuously pasteurized warm water at approximately 42 °C 
with fail safe devices, alarm warning and automatic 
operation; be caphble of easy initial pasteurization and 
5 easy in-field pasteurization procedures if the supply 
becomes re-infected; meet public health regulations; be 
capable of flush-cleaning of storage tanks. No possibility 
of sediment accumulation in tanks and minimised sediment 
accumulation in reticulation system components; have the 

10 capability of rapid temperature rise, and able to reach 
temperatures above 85 °C to ensure destruction of 
opportunistic bacteria* 

Commercial heat exchangers are available in small, 
compact units. Various manufacturers can supply them "off- 

15 the-shelf" complete with technical design specifications. 
For unusual designs manufacturers can supply computer 
generated design specifications and customized exchangers 
to the users requirements. These units are built up from 
modular components. Typically, plate heat exchangers are 

20 preferred. 

The total process of pasteurizing ablution water 
provided by this invention is believed to be a low energy 
system process due to the heat reclaiming function of the 
heat exchanger wherein only raw supply water is heated from 

25 about 18 6 C to 42°C, being a modest temperature rise in the 
order of 24 degrees in most applications. 

Temperature monitoring and temperature control of the 
pasteurized warm water circuit may take place with a 
microprocessor controlled PID controller, building 

30 management system, programmable logic controller, or such 
like and the control of this temperature nominally set at 
42 °C at the output is substantially maintained regardless 
of temperature variations or flow rates. The control 
system used preferably includes predictive characteristics 
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and/or other control parameters that result in little 
overshoot . 

It will of course be realised that while the above has 
been given by way of illustrative , example of this 
5 invention, all such and other modifications and variations 
thereto as would be apparent to persons skilled in the art 
are deemed to fall within the broad scope and ambit of this 
invention as is claimed in the following claims. 
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS : - 

1. Water treatment apparatus including :- 

inlet means for receiving water from a water supply; 

outlet means from which treated water may be delivered; 

heating means for heating the water received from the 
inlet means to a temperature at which pathogenic organisms 
will be destroyed, and 

holding means for delaying passage of the heated water 
for a time sufficient to ensure eradication of 
substantially all the pathogenic organisms. 

2. Water treatment apparatus as claimed in claim 1, 
including heat transfer means for dissipating heat from the 
heated water whereby warm water is supplied from the 
treatment apparatus. 

3. Water treatment apparatus as claimed in claim 2, wherein 
sufficient heat is dissipated whereby warm water is 
supplied at a temperature above ambient but below that 
which may scald a user. 

4. Water treatment apparatus as claimed in claim 2, 
wherein said heat transfer means is in heat exchange 
relationship with said inlet means. 

5. Water treatment apparatus as claimed in any one of the 
preceding claims, wherein said holding means is constituted 
by a holding tank having a volume which permits the heated 
water therein to have a residence time of sufficient 
duration to pasteurize the water received from a water 
supply. 

6. Water treatment apparatus as claimed in any one of the 
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preceding claims, wherein substantially all water supplied 
through the apparatus is subject to a minimum of 85 °C for a 
minimum of two minutes. 

7. Water supply apparatus including :- 
a water supply; 

a plurality of water supply valves fed from the water 
supply ; 

water heating means for delivering warm water to said 
supply valves, and 

treatment means for depathogenizing the supplied water. 

8, Water supply apparatus as claimed in clam 7, wherein 
said treatment means is able to heat and maintain water 
supplied thereto at a temperature for a sufficient duration 
to depathogenize the supplied water. 

9* Water supply apparatus as claimed in claim 8, wherein 
said treatment means is water treatment apparatus as 
claimed in any one of claims 1 to 6. 

10. Water supply apparatus as claimed in claim 9, wherein 
warm water is supplied to said plurality of water supply 
valves at a temperature of between 40°C and 45 6 C. 

11. Water supply apparatus as claimed in claim 10, 
wherein said water treatment apparatus includes bypass 
means for bypassing said heat recovery means. 

12. A method of pasteurizing water supply apparatus as 
claimed in any one of claims 7 to 11, including subjecting 
the apparatus to a recirculating stream of heated water at 
a minimum of 85 °C for a minimum time of three minutes. 
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13. A method of providing pasteurized warm water, the 
method including 

providing continuous water heating means; 

heating the water to a temperature which will pasteurize 
the water; 

maintaining the water temperature for a time sufficient 
to pasteurize the water; 

cooling the pasteurized water, and 
delivering the cooled pasteurized water. 
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